Introduction
Recently, there has been increased emphasis on conserving biodiversity, threatened habitats and ecosystems in the Nordic countries. The Nordic countries have signed the Convention on Biological Diversity, thus embracing the target of halting the decline in biodiversity by the year 2010. Therefore it is important to identify the effects that afforestation has on biodiversity and the functioning of ecosystems.
Afforestation causes fundamental changes in ecosystem structure and functioning, including changes in shading, the micro-climate, production, nutrient cycling and the water balance, all of which may affect biodiversity. It is well documented that conversion from treeless landscapes to forests can have negative impacts on organisms adapted to open habitats. In this context, most research has focussed on vascular plants and birds. Within the AFFORNORD project special attention was therefore paid to soil fauna, which constitute a group that has often been neglected in such studies.
Recently, the effects of afforestation on biodiversity were studied in Iceland, the Faroes, Sweden, Denmark and Norway in research projects connected to AFFORNORD. In these projects, areas afforested with native or exotic species were compared to non-forested areas. The focus was on important functional groups in the ecosystem, i.e. vegetation, fungi, invertebrates and birds. 
Case studies linked to AFFORNORD

Vegetation
It is well demonstrated that ground vegetation in forests is influenced both by the tree species and stand density. Reduced light availability and changed nutrient cycling are the most important mechanisms which influence the species composition of ground vegetation. Research in Iceland has shown that relatively species rich vegetation communities of open heathlands will not persist long following afforestation. The number of plant species increases during the first years after afforestation, but eventually shade tolerant plant groups, such as horsetails, monocots and forbs, replace the original heathland communities and the number of vascular plant species is reduced. The open heathland and the young forest stands are relatively rich in species of mosses and lichens compared to the older forest stands.
At the thicket stage of a coniferous forest stand, the ground vegetation is characterized by low plant cover and species diversity, but after thinning the plant cover and diversity increases slightly. In general, the cover of vascular plant species, mosses and lichens decreases following afforestation. At the same time there is a significant change in the relative proportions of many of the species present. These changes following afforestation were Figure 11 . Plant species in young Sitka spruce stand in Iceland are common heathland species and adapted to the open habitats, e.g. viviparous fescue, northern bedstraw, heath wood-rush, shady horsetail, alpine bistort, lady's bedstraw and wild thyme. Photo: Asrun Elmarsdottir. mainly found to be due to decreased light at the level of the forest floor. This was also shown in a study in Denmark where the number of herbal species in oak forest increased rapidly after heavy first thinning.
Comparison of native broadleaved forests to afforested coniferous plantations shows that species richness of vascular plants is considerably higher in native broadleaved forests. Both in the Icelandic and Norwegian case studies, the highest number of vascular plant species was found in mountain birch forests, while coniferous plantations (Norway spruce, Sitka spruce, Siberian larch and lodgepole pine) contained fewer species. Also, species richness of vascular plants is affected by coniferous species. This difference is mainly due to the amount of light which reaches the forest floor. Similarly, understorey biomass is related to the amount of light. Therefore, a more open canopy leads to a greater diversity of plants and more ground vegetation biomass. Species richness of vascular plants can therefore be affected by forest management (stand density and thinning regime) and choice of tree species. 
Fungi
Afforestation increases organic material in the ecosystem, which is eventually decomposed by bacteria and fungi via the production of a vast array of extracellular enzymes. The fungal biomass can often exceed that of other microbes, plants and animals in the ecosystem and the fungi represent a significant portion of the ecosystem nutrient pool. Fungi also form essential symbiotic associations with tree roots, namely, the mycorrhizas. Mycorrhizas supply the trees with water and nutrients, such as nitrogen and phosphorus, in exchange for a supply of carbon. The larger part of the fungi live underground as mycelium and many species are confined to that life form. However, some fungi form fruitbodies (i.e. mushrooms) aboveground.
Research on fruitbody diversity in Icelandic forests has shown that older native forests and plantations have a higher number of fruitbody forming species than heathlands or younger and more open plantations. Higher numbers of fungal species living on decaying wood were found in older forests. However, since many species of fungi do not form fruitbodies, fungal biodiversity is therefore reflected not only by the number of fruitbody forming species. Research on mycorrhizal types found on tree roots indicates that both the biodiversity and biomass of mycorrhizal fungi increase following tree planting on open land, but as the forests grow older, the number of mycorrhizal types and the biomass of mycorrhizal fungi partly decreases. In Iceland, afforestation seems to increase fungal diversity and biomass in a similar way, whether native or exotic tree species are used.
Soil invertebrates
Mineralization of nutrients is governed directly by the activities of bacteria and fungi. The ability of microbes to do this, however, is affected strongly by soil animals as they fragment and mix the organic matter in the soil. In general, earthworms are considered to be good indicators of soil quality as they demand good soil conditions. An Icelandic case study showed that more earthworm species were found in young plantations and native birch stands than in open heathland, older forests or exotic coniferous stands.
The case study in Iceland showed that the species richness of collembola increased as heathlands were converted to forests, irrespective of forest type. In an AFFORNORD related survey, 49 species of collembola were found in Icelandic birch forests whereas conifer plantations had 31 species and a lower proportion of habitat specialists. The AFFORNORD survey led to discovery of many new species and the total number of collembola species known in Iceland is now around 160 or almost a 100% increase from earlier numbers. Five new collembola species were found in the Faroes.
In Iceland similar collembola species and species dominance are found in birch and exotic conifer forests whereas in Norway the birch forests differed strongly from coniferous forests, both in species composition and dominance. It appears that collembola from the native Icelandic birch forest soil establishes in exotic coniferous soils with only small adjustments. In Iceland, afforestation seems to increase soil faunal diversity regardless of whether native or exotic tree species are used. In Norway, in contrast, there are marked differences between the two forest types.
Surface invertebrates
Invertebrates living on the soil surface, such as spiders and beetles, are mainly predators on other invertebrates or soil fauna. Some take part in decomposition of organic material or feed on vegetation or fungi. The trees themselves provide habitat for many species of invertebrates, but this element of the fauna is not included in the discussions below.
In the Icelandic case study, the total number of invertebrate species living on the soil surface is similar for the different habitat types, i.e. heathlands, native birch forests and exotic coniferous stands, but species composition is radically different. The surface invertebrate fauna that characterize heathlands disappear as conifers are introduced and new invertebrate species colonize the area. The changes come in certain stages. For young coniferous plantations the surface fauna is similar to a heathland fauna. Later, at the thicket stage, the surface invertebrate fauna in conifer stands is very different from both the fauna of birch forests and heathlands. Common surface species in conifer forests need humidity, which comes with the shade provided by the trees, and find a suitable habitat in the sparse undergrowth of conifer plantations. However, the surface invertebrate fauna of Siberian larch forests retain similarities to the birch forests, probably because larch is deciduous.
Avifauna
The avifauna of the Icelandic heathlands is characterized by meadow pipits, rock ptarmigan and some few species of waders, the most prominent being golden plover, whimbrel and snipe, and in wetter areas godwit, dunlin and redshank are also common.
In the Icelandic case study, no major changes took place with regards to the avifauna during the first 10 years of conversion from heathlands to exotic coniferous plantations. Open country birds still dominated the scene but the first forest birds had shown up, i.e. redwing and redpoll. By the time the stands were 20 years old and had reached the thicket stage, all the specialized open country birds had disappeared; golden plover, whimbrel, godwit, dunlin and redshank. The avifauna of these stands was composed of generalists, species that live both in heathland areas and forested areas such as snipe and meadow pipit, and forest birds, redwing, redpoll, wren and goldcrest. No major changes with respect to the avifauna occurred during the next 30 years in the life of the coniferous stands.
This shows that the changes in the avifauna from heathland to forestdominated avian fauna takes place primarily between a plantation age of 10 and 20 years. Total densities, measured as territorial pairs per unit area, also change as the plantations mature. Common figures for heathland areas are 100 pairs per km². Breeding densities are much higher in older birch and larch forests areas with 300−500 pairs per km². However, avian species richness is similar in heathlands and older forests.
Comparison of the avifauna of the non-native larch stands and the native birch forest shows that the source for settlers with respect to the larch stands is local, but not without exception. All the common birds within the larch stands are also the species characteristic of the native birch forest avifauna. The only exception is the goldcrest, which is native to coniferous forests in Europe and Asia. It was known as a vagrant in Iceland until 1995, when large numbers arrived, and subsequently goldcrests started breeding. Within a few years the species colonized coniferous and larch stands all over Iceland and even penetrated the native birch forests. The goldcrest in Iceland is a good example of long distance dispersal and the power of exponential growth: the smallest bird species in Europe, here locating newly created pockets of habitats on an island isolated in the middle of the Atlantic and becoming within 10 years one of the most common forest birds. It is unlikely that more native bird species will settle in the forest stands; rather, any addition will be a species from abroad, as in the case of the goldcrest.
General conclusions
The general conclusion from the different case studies clearly indicates that afforestation affects species richness of different functional groups in different ways.
The number of species of vascular plants is negatively affected • by afforestation. Shade tolerant plant groups replace the original heathland communities. Fungi and soil invertebrates respond to afforestation with an • increase in species richness. The total number of surface invertebrate species is similar for • different habitats but species composition is radically different. The total number of bird species is similar between habitat types, • but major changes take place in species composition and breeding densities.
Species richness of many groups can be affected by forest management (stand density and thinning regime) and choice of tree species. Afforestation strongly affects species composition in all functional groups. Generally, some species disappear and others colonize the new habitat. These changes are also affected by the tree species and management regime selected. It is therefore very important to include strategies for conservation of biodiversity in forest planning and management in order to preserve areas that contain special habitat types or rare species.
